I
n 2016, approximately 27 million persons had opioid use disorders and 86 000 deaths were attributed to opioids worldwide (1) . In addition to overdose deaths, opioid use disorders are associated with personal health consequences, such as diminished cognitive functioning, and increased risks for HIV and viral hepatitis infection (2) (3) (4) (5) . Opioid misuse is also a risk factor for criminal activity; lost school and workplace productivity; increased use of public welfare programs; and greater use of high-cost health care services, such as emergency department visits (6 -9) . Opioid misuse costs the United States more than $500 billion annually (10).
Evidence-based pharmacotherapy is recommended as the first line of treatment (11) . Of the 3 medications approved by the U.S. Food and Drug Administration for this purpose, only buprenorphine and naltrexone can be prescribed in an office-based setting. Buprenorphine, a partial opioid agonist, is typically combined with naloxone to prevent misuse and diversion. Naltrexone, a full opioid antagonist, is frequently administered as a monthly extended-release injection to improve adherence. An injection is costlier and patients must be fully detoxified from opioids before initiation; the longer inpatient stays required for complete detoxification may reduce acceptability and increase induction costs among those who successfully initiate treatment.
Evidence regarding the economic value of these treatments, particularly evidence from clinical trials, is limited (12, 13) . Until recently, no randomized effectiveness trial had directly compared buprenorphine-naloxone with extended-release naltrexone (14 -16) . The objective of this study was to evaluate the cost-effectiveness of these 2 pharmacotherapies alongside a U.S. randomized clinical trial testing their effectiveness in preventing opioid relapse among persons initiating treatment in an inpatient detoxification setting (14) . Our primary outcome was cost per quality-adjusted life-year (QALY), which we examined from the health care sector and societal perspectives for the duration of the intervention (24 weeks) and over 36 weeks. 
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METHODS
Clinical Trial Overview
The trial, which is described in detail elsewhere (14) , was a multisite, 2-group, 24-week, open-label, randomized controlled trial testing the effectiveness of buprenorphinenaloxone versus extended-release naltrexone with the primary end point of opioid relapse-free survival. Follow-up visits occurred at weeks 28 and 36. A total of 570 adults across 8 U.S. community-based inpatient detoxification or shortterm residential treatment programs were randomly assigned 1:1 to receive buprenorphine-naloxone (n = 287) or extended-release naltrexone (n = 283) (see the Supplement [available at Annals.org] for more information).
A significant detoxification hurdle to extendedrelease naltrexone uptake was observed; fewer participants in the extended-release naltrexone than the buprenorphine-naloxone group initiated treatment successfully (72% vs. 94%; odds ratio, 0.16 [95% CI, 0.09 to 0.28]; P < 0.001). Opioid relapse was significantly more frequent in the extended-release naltrexone group but was primarily accounted for by participants who did not initiate treatment. Opioid relapse rates did not differ significantly between treatment groups among participants who successfully initiated their randomly assigned treatment (that is, the per protocol sample). Except for mild to moderate injection site reactions, no differences were seen in adverse events, serious adverse events, or overdose deaths.
Design
Our comprehensive economic evaluation followed well-established guidelines for performing such an analysis alongside a clinical trial (17, 18) and was conducted from the perspectives of the health care sector and society (Supplement Tables 1 and 2 , available at Annals.org), as recommended by the Second Panel on Cost-Effectiveness in Health and Medicine (see the Supplement for more details) (18) . The differences in mean total costs between the study groups were evaluated from each perspective and compared with differences between the groups in mean measures of effectiveness. Two effectiveness measures were used, 1 economic (the QALY) and 1 clinical (a measure of time abstinent from opioids [abstinent year]). The primary analyses were conducted by intention to treat for all randomly assigned participants. Our unit of observation was the participant, per study month. The Weill Cornell Medical College institutional review board approved the economic analysis.
Cost Measurement
The cost of the study-provided treatments was estimated by using a microcosting approach, which entailed semistructured interviews at each study site, conducted by using a tailored version of the Drug Abuse Treatment Cost Analysis Program instrument (19, 20) . The costs included the value of all resources required to deliver the treatments, including facilities and administration, initial detoxification, medication induction, medications, and follow-up visits (21) . All labor was valued by using nationally representative data from the Bureau of Labor Statistics (22). Pharmaceutical costs were valued according to the Federal Supply Schedule, and generic drug prices were used when available (18) . The cost of extended-release naltrexone was $704, and the average costs of generic buprenorphine-naloxone were $1.20 per 4 mg and $2.17 per 8 mg (Supplement Table 3 , available at Annals.org). Research-related costs were omitted, including those for medication management visits in which medication was not dispensed.
Additional participant resources estimated as part of the microcosting analysis were the direct cost of travel to each outpatient treatment site and the time spent obtaining treatment (travel and clinic time). The federal minimum wage was chosen to value each participant's estimated time spent obtaining treatment (see the Supplement for more details). Information on nonstudy costs, such as those associated with health care services used (including inpatient and outpatient nonstudy substance use disorder treatment and nonsubstance use disorder inpatient and outpatient services), criminal activity, and lost workplace productivity may be found in the "Nonstudy Resources" section of the Supplement and Supplement Table 3 .
Effectiveness and Cost-Effectiveness Measurement
The QALY is a measure that weights the amount of time spent in a health state by the health-related quality of life associated with that state and is recommended as the primary effectiveness measure in economic evaluation studies because it can be compared across interventions and disorders (18) . In addition, healthrelated quality of life is increasingly being recognized as a key indicator of patient well-being that is not captured by abstinence-based measures (23, 24) . The EuroQol-5D 3-level (EQ-5D-3L) health-related qualityof-life instrument was administered at baseline, monthly through week 28, and at the 36-week follow-up visit. Results were used to calculate QALYs by applying published U.S. preference weights to the responses (see the Supplement for more details) (25) . Health state preference weights derived from the EQ-5D-3L scores may range from Ϫ0.594 to 1, where 1 indicates "perfect health," 0 indicates death, and scores below 0 indicate health states perceived to be worse than death.
The abstinent year was operationalized as the predicted proportion of the year during which the participant abstained from opioid use. Opioid abstinence was based on weekly urine samples and self-reported opioid use measured via Timeline Followback (14, 26) . Missing urine samples were calculated as positive for opioids (14) . Incorporating time abstinent into the economic evaluation provided economic evidence aligned with the main findings of the trial and increased the comparability of our results, as many economic evaluation studies have relied solely on such measures (12) .
Incremental cost-effectiveness ratios (ICERs) were used to evaluate the cost-effectiveness of extendedrelease naltrexone relative to buprenorphine-naloxone. The ratios were derived by dividing the difference between the mean costs associated with each treatment Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone ORIGINAL RESEARCH group by the difference between the mean effectiveness for each group; thus, the ICER represents the additional cost required to achieve an additional unit of the desired outcome for extended-release naltrexone relative to buprenorphine-naloxone. Eight ICERs were calculated because we were considering 2 perspectives and had 2 measures of effectiveness and 2 periods of interest. If a treatment strategy is both more costly and less effective than the alternative, it is considered to be dominated by the alternative strategy; thus, there is no need to calculate the ICER.
Statistical Analysis
Bivariate analyses were conducted to determine whether participants differed significantly across study groups at baseline with regard to measures relevant to the economic analysis, such as health care use, criminal activity, health-related quality of life, and treatment preference.
2 tests were performed to assess differences in categorical variables, and t tests were used for continuous variables. Predicted mean costs for each resource category, health-related quality-of-life preference weights, and number of days abstinent were estimated by using multivariable generalized linear model regressions with SEs clustered at the participant level to account for intragroup correlation resulting from repeated measures over time (see the Supplement for more details). Total mean costs for each time frame were calculated by summing the predicted means relevant to each perspective. All costs were adjusted to 2016 U.S. dollars by using the Consumer Price Index (27). Missing data were addressed by using inverse probability weighting within the generalized linear model framework. The mechanism of missingness (for example, missing at random) was evaluated and sensitivity analyses were conducted to explore the potential effects of observations missing not at random (for more details, see the Supplement, Supplement Tables 4 and 5, and Supplement Figures 1 and 2 , available at Annals .org). The area-under-the-curve methodology and predicted health-related quality-of-life preference weights were used to estimate QALYs gained for each study group (17) . Abstinent years were calculated by summing the weekly predicted number of abstinent days during the relevant period and dividing the result by the number of weeks in a year.
SEs were estimated by performing the multivariable regressions within a nonparametric bootstrap to account for sampling uncertainty and were then used to estimate P values (17) . Regardless of the statistical significance of cost and effectiveness differences, ICERs were calculated and acceptability curves constructed to estimate the uncertainty around the ICER point estimates, because the power to detect a difference in costs and effects jointly may have exceeded the power to do so individually (17) . Acceptability curves display the probability that an ICER would fall below a given willingness to pay for a unit of the desired outcome and thus be considered a good value (that is, cost-effective) (17, 18) .
In sensitivity analyses, we examined how results change with higher costs for extended-release naltrexone by using the wholesale acquisition cost ($1309 per injection) (28) and substituting higher-cost buprenorphinenaloxone film ($5.09 per 4-mg film). We also estimated all models on the per protocol sample and tested the sensitivity of our results to different estimation techniques by calculating unmodified mean values and using ordinary least-squares regressions. No other sensitivity analyses were found to affect the outcomes meaningfully.
All analyses were conducted by using Stata, version 15.1 (StataCorp).
Role of the Funding Source
The study sponsor had no role in study design; data collection, analysis, or interpretation; or writing of the manuscript.
RESULTS
Patient characteristics did not differ between groups at baseline ( Table 1) . Participants were an average of 34 years of age, and most were male (70%), white (74%), and publicly insured (64%). During the 30 days before randomization, participants, on average, accounted for almost $1700 worth of health care and $210 worth of criminal justice resources and had a baseline health-related quality-of-life score of 0.78/1.
Costs
Tables 2 and 3 present the predicted mean costs for the intention-to-treat and per protocol samples from the health care sector and societal perspectives, respectively (see Supplement Table 6 [available at Annals.org] for descriptive statistics of health care resources used and criminal activity and Supplement Figures 3 and 4 [available at Annals.org] for predicted costs over time). From the health care sector perspective, the mean 24-week intervention costs for extendedrelease naltrexone significantly exceeded those for buprenorphine-naloxone by $427 (CI, $351 to $503) for detoxification and $1250 (CI, $1029 to $1471) for study-provided treatment, resulting in the 24-week average total cost of extended-release naltrexone being significantly higher than that of buprenorphine-naloxone by $5317 (CI, $1162 to $9472). Although the mean costs of nonstudy substance use disorder treatment and nonstudy medical resources were nonsignificantly higher for extended-release naltrexone than buprenorphinenaloxone at 24 weeks, the differences shrank by 36 weeks and offset the higher 24-week extended-release naltrexone intervention costs so that the average total cost difference became nonsignificant at 36 weeks ($4512 [CI, Ϫ$3626 to $12 650]).
From the societal perspective, the cost of participating in study-provided treatment (that is, transportation and travel and clinic time) for the extended-release naltrexone group over the 24-week intervention was significantly lower by $217 (CI, Ϫ$242 to Ϫ$192). The extended-release naltrexone group had nonsignificant cost differences associated with criminal activity that ORIGINAL RESEARCH Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone averaged $2829 lower at 24 weeks and $4180 lower at 36 weeks, work productivity losses that averaged $1268 higher at 24 weeks and $1374 higher at 36 weeks, and total societal costs that averaged $3540 higher at 24 weeks and $1490 higher at 36 weeks.
Effectiveness and Cost-Effectiveness
The predicted mean effectiveness differences also are reported in Tables 2 and 3 All effectiveness differences were small (≤1 qualityadjusted day or 4 to 9 abstinent days) over 24 to 36 weeks and statistically nonsignificant.
From the health care sector and societal perspectives, the average total costs for extended-release naltrexone exceeded those of buprenorphine-naloxone, but the average effectiveness of extended-release naltrexone was lower; thus, the ICER point estimates indicate that buprenorphine-naloxone dominated extendedrelease naltrexone. The acceptability curves indicate a low likelihood (3% at 24 weeks and 15% at 36 weeks) that extended-release naltrexone would be considered costeffective relative to buprenorphine-naloxone from the health care sector perspective (Figure 1) if the recommended range of $100 000 to $200 000 per QALY were used (29). The respective mean probabilities from the societal perspective were 26% at 24 weeks and 48% at 36 weeks. The results were similar for the clinical outcome of abstinent years (Supplement Figure 9 , available at Annals .org).
Sensitivity Analysis
The wholesale acquisition cost per injection for extended-release naltrexone was $1309; thus, the mean study-provided treatment cost difference between extended-release naltrexone and buprenorphine-naloxone increased to $2937 (CI, $2552 to $3322) (Supplement Table  7 , available at Annals.org). The probability that extendedrelease naltrexone is cost-effective relative to buprenorphine-naloxone decreased from the health care sector (1% at 24 weeks, 7% at 36 weeks) and societal (14% at 24 weeks, 34% at 36 weeks) perspectives (Supplement Figures 10 and 11 , available at Annals.org).
With the substitution of buprenorphine-naloxone film, the mean study-provided treatment cost difference became Ϫ$357 (CI, Ϫ$643 to Ϫ$71) for extended-release naltrexone versus buprenorphine-naloxone (Supplement Table 8 , available at Annals.org). The probability that extended-release naltrexone is cost-effective relative to buprenorphine-naloxone increased from both the health care sector (12% at 24 weeks, 30% at 36 weeks) and societal (46% at 24 weeks, 64% at 36 weeks) perspectives (Supplement Figures 12 and 13 , available at Annals.org).
The results of the per protocol sample were more favorable to extended-release naltrexone than those for the intention-to-treat sample, despite higher studyprovided extended-release naltrexone treatment costs and similar detoxification costs. Nevertheless, extendedrelease naltrexone remained more costly on average in every scenario except the societal perspective at 36 weeks. However, no average total cost difference was statistically significant (Tables 2 and 3) . The mean QALYs gained remained nonsignificantly lower for extendedrelease naltrexone, although the magnitude of the differences decreased. The mean numbers of days abstinent in the extended-release naltrexone group were higher, but the differences also failed to reach statistical significance. The acceptability curves continued to indicate a low level of probability that extended-release naltrexone is cost-effective from a health care sector perspective (Figure 2) . From the societal perspective, extended- EQ-5D-3L = EuroQol-5D 3-level. * Self-reported.
Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone ORIGINAL RESEARCH release naltrexone had approximately a 40% chance of being cost-effective at 24 weeks and a 77% chance at 36 weeks ( Figure 2) . The per protocol results were more favorable for extended-release naltrexone, from both perspectives, when the clinical outcome of abstinent years was considered (Supplement Figure 14 , available at Annals.org). The results were robust to the different estimation techniques we used (Supplement Figure 15 , available at Annals.org).
DISCUSSION
To our knowledge, this study is the first to assess the relative economic value of 2 evidence-based pharmacotherapies for opioid use disorder that can be prescribed in an office-based setting. This study also adds to the limited research on the economic value of buprenorphine-naloxone, and we believe it is only the second study to evaluate the cost-effectiveness of extended-release naltrexone alongside a clinical trial (12, 13) . Although an economic evaluation conducted parallel to a clinical trial has limitations in terms of follow-up length, and possible constraints on generalizability due to inclusion criteria or trial design, it has advantages over a decision analytic model in terms of accuracy and consistency of outcomes, as well as in the evaluation of uncertainty in the ICER point estimates (17) .
Over the 24-week intervention, extended-release naltrexone cost the health care sector an average of $5317 more than buprenorphine-naloxone. The significant cost differential was driven primarily by the longer detoxification period required for extended-release naltrexone induction and the higher cost of the medication (even after accounting for savings from fewer required follow-up visits). This higher cost was not associated with significantly better outcomes measured in QALYs or abstinent years gained. Therefore, a reduction in the cost of the extended-release naltrexone injection and less costly methods of extended-release naltrexone initiation (such as shorter inpatient stays or approaches to outpatient treatment initiation [30, 31] ) would likely improve its relative economic value. All other differences in average total cost (that is, health care sector at 36 weeks and societal at 24 and 36 weeks) were nonsignificant but remained higher for extended-release naltrexone. The differences in the number of QALYs and abstinent years gained at 36 weeks remained small and statistically nonsignificant. 
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Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone
Given the larger mean costs and lower mean effectiveness, the ICER point estimates indicate that buprenorphine-naloxone is preferred to extendedrelease naltrexone from both the health care sector and societal perspectives. However, as mentioned earlier, evaluating uncertainty of the ICERs is essential, regardless of whether the individual cost and effectiveness differences are significant. For an intervention to be defined as cost-effective, its ICER must lie at or below the stakeholder's willingness to pay for an additional unit of that desired outcome. According to a recent review of observed health care spending decisions in the United States, the recommended range for defining value is $100 000 to $200 000 per QALY (29). Using this range, we can be confident that buprenorphine-naloxone is more cost-effective than extended-release naltrexone from a health care sector perspective. The probability that it is costeffective increases further if a higher cost of extendedrelease naltrexone is assumed, but decreases when the societal perspective or cost of buprenorphine-naloxone film is considered. Cost-effectiveness is similar when the effectiveness measure is abstinent years, but unlike for QALYs, generally accepted value thresholds for this measure do not exist; as a result, the abstinent-year ICERs are difficult to interpret for policy recommendations.
The results from the per protocol sample are important to consider, given that patients may initiate Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone ORIGINAL RESEARCH naltrexone treatment more rapidly than previously believed (30) . Results among the per protocol sample were more favorable to extended-release naltrexone than buprenorphine-naloxone compared with results from the intention-to-treat sample. All cost and effectiveness differences were statistically nonsignificant when considered alone; however, the magnitude of the cost and QALY differences diminished, and the abstinent-year differences favored extended-release naltrexone ( Tables 2 and 3) . When incremental costs and effectiveness were considered together, the results still indicated with high certainty that buprenorphinenaloxone was cost-effective than extended-release naltrexone from a health care sector perspective at 24 and 36 weeks. In fact, we found that even if we assumed no difference between groups in the detoxification and study-provided therapy costs in the per protocol sample, the probability that extended-release naltrexone would be cost-effective relative to buprenorphine-naloxone from a health care sector perspective at $200 000 per QALY did not exceed 19% at 24 weeks, although by 36 weeks, the probability had risen to 54%. The probability that extended-release naltrexone was cost-effective than buprenorphine-naloxone in the per protocol sample also increased when the additional resources associated with the societal perspective were taken into account (39% at 24 weeks, 77% at 36 weeks). If we again assume zero difference in detoxification and intervention costs, these respective probabilities increase to 71% and 88%. The analyses focusing on abstinent years as the effectiveness measure in the per protocol sample favor buprenorphinenaloxone from a health care sector perspective but extended-release naltrexone from a societal perspective. Several study design choices limit generalizability of the results (14) . To maximize the opportunities for extended-release naltrexone induction, treatment was initiated in a detoxification environment rather than a setting in which some patients might undergo detoxification before making a long-term treatment decision, such as those leaving residential treatment or incarceration. Randomization occurred throughout inpatient treatment (that is, promptly after admission until just before discharge), versus only when participants could immediately begin extended-release naltrexone treatment, although this was addressed in part in the per protocol analysis. Detoxification protocols varied by site, although site was controlled for in our multivariable regressions. The predominance of white men in the sample and the comorbidity restrictions in the inclusion criteria prevent generalizability to women, nonwhite populations, and persons with several comorbid conditions. Censored and missing data also are a limitation; however, we addressed this by using an established method shown to effectively control for missingvariable bias when data are assumed to be missing at random (32) . Our cost estimates for criminal activity were limited to 13 offenses that are among the costliest to society (33), but our inability to value other criminal activities indicates that the associated total criminal cost estimates should be considered lower bound. Criminal categories that were inquired about, but not valued, were "drug dealing," "driving under the influence (DUI)," and "other." With regard to the potential effect on our estimated cost differentials, only DUI differed significantly between groups, with the extendedrelease naltrexone group reporting significantly more DUI infractions over the entire 36-week observation (Supplement Table 6 ); however, no significant difference was observed between groups in the number of DUI charges (which may be more costly). Another limitation was our inability to capture patient out-of-pocket 
Cost-Effectiveness: Buprenorphine-Naloxone vs. Extended-Release Naltrexone costs and costs related to social services used. Also, although a disease-or disorder-specific health-related quality-of-life instrument may better capture the disutility of opioid use disorder, no such tool has sufficient psychometric properties to meet minimum standards for patient-reported outcome measures (34) or can produce a summary index of health-related quality-oflife preference weights for calculating QALYs. Finally, the 24-week intervention and 36-week observation were a limitation, because opioid use disorder is a chronic, relapsing condition with no recommended time limit for treatment (11) . Future work might use the estimates generated from this evaluation to inform a long-term decision analytic model. Additional work also is needed to assess the economic values of buprenorphine-naloxone and extended-release naltrexone compared with methadone for treating opioid use disorder. The existing economic literature evaluating methadone pharmacotherapy for opioid use disorder shows it to be a "good value" relative to several comparators; however, studies directly comparing methadone with other opioid use disorder pharmacotherapies are scarce, particularly with regard to extended-release naltrexone (12) .
On average, buprenorphine-naloxone was less costly from the health care sector perspective and as effective as extended-release naltrexone for outpatient continuation of treatment initiated during inpatient detoxification. Thus, data from this clinical trial indicate that buprenorphine-naloxone is typically preferred as a first-line treatment when both options are clinically appropriate and patients require detoxification to initiate extended-release naltrexone therapy. Uncertainty regarding this conclusion increased with lower detoxification and extended-release naltrexone costs, substitution of the more costly buprenorphine-naloxone film, and inclusion of additional societal perspective costs (participant time and travel, criminal activity, productivity). From a health care sector perspective, the results were similar among persons who successfully initiated extended-release naltrexone treatment but became more promising for extended-release naltrexone when additional societal resources were considered. Research identifying persons for whom extended-release naltrexone would provide superior outcomes, as well as patient education, will have implications for how these findings might be incorporated into policy decisions. 
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